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(54) Plasma enhanced chemical vapour deposition of a layer 

(57) A layer which is suitable for use in a planar waveguide optical circuit is formed on a substrate by plasma 
SLocb6^^\ vapour deposition, the process being carried out in a chamber having two electrodes One 
SE3^^ substrate and is energised with an electrical signal at a ^^^^f a 

SoacitorThe other electrode is held at ground potential. The substrate is maintained electrically negative 
™?h r^oect to Sr* (50 - 500 volts). Silicon and germanium compounds with hydrogen ; or silicon, 
SlS^S^^ and boron compounds v*h hydrogen arefed tothe chamber with nitrous oxide. 
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At least one drawing originally filed was informal and the print reproduced here is taken from e Interfiled formal copy. 
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PLASMA ENHANCED CHEMICAL VAPOUR 
DEPOSITION OF A LAYER 



The present invention concerns the production of a layer, wh.ch is 
suitable for use as the core of a planar waveguide optical circurt us.ng 
plasma enhanced chemical vapour deposition (PECVD). The 
production of a silicon oxide layer is described, as an example. 
5 although layers of other materials may be deposited, and the method 
to be described may be used for the production of layers which are 
suitable for other applications than planar waveguides devices. 

Normally a deposit of silicon oxide or other materials, requires 
1 0 extensive annealing and densification of the layer deposited, the 
latter serving to expel hydrogen, water or hydrides, and then the 
compaction of the newly deposited layer to render it suitable for use 
in a planar waveguide. An arrangement to be described below seeks 
to reduce the typical requirement for annealing and densrf.cat.on. at 

1 5 least in part. 

In the arrangement to be described below there Is disclosed the use 
of an rf source between the electrodes of a plasma chamber, the 
electrode associated with a target substrate being energized through 
20 a capacitor, and the other electrode being directly earthed. It has 
previously been proposed to provide the energisation, for a plasma 
used in an enhanced chemical vapour deposition (PECVD) process, 
live, through a capacitor, to the electrode which is opposite to that 
supporting the substrate arranged to receive the deposit, with the aim. 

2 5 it is believed, of providing a more stable layer. By means of the 

arrangement to be described below, as an example, a more desirable 
layer is obtained, probably as a result of the bombardment of the 
layer by positive ions derived from the plasma discharge. 



An electrode carrying a substrate, e.g. a silicon single crystal 
substrate and a buffer Si0 2 . is made alternately positive and 
negative, relative to an earthed, electrode in the arrangement to be 
described, so that the more mobile electrons travel in greater 
quantities during a half cycle of one polarity to the live electrode than 
do the less mobile positive ions during a half cycle of other polarity of 
an applied r.f. signal. Thus the live electrode may acquire a negative 
charge of. for example some -500 volts. This it is believed adds to the 
bombardment energy by which the positive ions originating from the 
plasma materials impact the target substrate. The resulting deposed 
layer of germania doped Si0 2 is made more dense to a considerable 
extent. 

An arrangement illustrative of the invention will now be described, by 
way of example, with reference to the single figure of the 
accompanying drawing which shows diagram matically parts of a 
PECVD chamber. 

Referring to the drawing, there is shown a plasma discharge chamber 
1 which has an inlet 2 for precursor materials such as silane. n.trous 
oxide, germane, diborane. phosphine or other sources of silica, boron 
phosphorus or germanium doping, and an outlet 3 for pump.ng-out 
spent or exhaust materials. A source 4 of power in the rad.o 
frequency band which may. for example, be between 50 kHz and 
13 5 MHz, is applied to an electrode 5 carrying a substrate 6 with a 
buffer layer for receiving a core layer deposit for use in a planar 
waveguide. The r.f. power is applied to the electrode 5 through a 
capacitor 7 which is able to withstand several hundred direct voUs 
and to pass the r.f. power. A second electrode 8 is earthed: Upon the 
) initiation of a plasma discharge between the electrodes. 5 and 8 
through the ionized precursor material, a germanium doped s .con 
oxide layer is formed on the substrate 6. The silicon ox.de ayer 
formed in this way is in a very satisfactorily impacted form, and has a 
very satisfactorily repeatable. or selectable, refractive index wh.ch .s 
5 m0 st important in precursor wave guide work, particularly for 
interfacing with fibre optics or wavelength division mult.plex.ngwn.ch 
involves closely controlled differences between u's of ne.ghbour.ng 
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layers. The negative voltage developed at the live electrode 5 may be 
between 50-500 volts. 

It will be understood that, although the invention has been illustrated, 
5 by way of example, with reference to one particular arrangement, 
variations and modifications thereof, as well as other embodiments 
may be made within the scope of the protection sought. 

For example, although the method has been described with reference 
1 0 to the production of a layer which is suitable for use in a waveguide, a 
layer produced by the method may have other applications, and the 
layer may be other than a silicon oxide layer. 
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1 A method of depositing a layer by PECVD which layer is to 
form part of an optical waveguide, wherein the substrate ,s 

5 maintained electrically negative with respect to ground. 

2 A method of depositing a layer which is suitable for use in a 
olanar waveguide optical circuit and which is carried out in a 

am e having two electrodes using plasma enhanced chem.a 
10 vapour deposition, including the step of energ.smg an electrode 
associated with a substrate for the layer through a capacitor by 
means of an electrical signal at a radio frequency, the second 
electrode being held at ground potential. 

, s 3 A method as claimed in claim 1 or 2 wherein silicon and 
germanium compounds with hydrogen, or silicon german.um 
phosphorus and boron compounds with hydrogen, are fed to the 
chamber with nitrous oxide. 

, o 4 A method as claimed in either claim 1 , 2 or claim 3 wherein 
the r... source provides a signal at a frequency between 50 kHz and 
13.5 MHz. 

5 A method as claimed in any one of the preceding claims 
2 5 wherein a voltage between approximately 50-500 volts negative .. 

2 5 LvTped during operation at the electrode to which the r.f. s,gna. ,s 

capacitiveiy fed with respect to the second electrode. 

6 A method as claimed in any one of the preceding claims 

3 0 wherein the substrate includes silicon or quartz. 

7 A method as claimed in claim 1 substantially as described 
herein with reference to the single figure of the accompany.ng 
drawing. 

3 5 8. A layer deposited on a substrate by the method of any one of 
the preceding claims. 
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